A B S T R A C T Lactic acidosis is a clinical condition due to accumulation of H+ ions from lactic acid, characterized by blood lactate levels >5 mM and arterial pH <7.25. In addition to supportive care, treatment usually consists of intravenous NaHCO3, with a resultant mortality >60%. Dichloroacetate (DCA) is a compound that lowers blood lactate levels under various conditions in both man and laboratory animals. It acts to increase pyruvate oxidation by activation of pyruvate dehydrogenIse. We evaluated the effects of DCA in the treatment of two different models of type B experimental lactic acidosis in diabetic dogs: hepatectomy-lactic acidosis and phenformin-lactic acidosis. The metabolic and systemic effects examined included arterial blood pH and levels of bicarbonate and lactate; the intracellular pH (pHi) in liver and skeletal muscle; cardiac index, arterial blood pressure and liver blood flow; liver lactate uptake and extrahepatic splanchnic (gut) lactate production; and mortality. Effects of DCA were compared with those of either NaCl or NaHCO3. The infusion of DCA and NaHCO3, delivered equal amounts of volume and sodium, although the quantity of NaHCO3 infused (2.5 meq/kg per h) was insufficient to normalize arterial pH.
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In phenformin-lactic acidosis, DCA-treated animals had a mortality of 22%, vs. 89% in those treated with NaHCO3. DCA therapy increased arterial pH and bicarbonate, liver pHi and cardiac index, with increased INTRODUCTION Lactic acidosis is a clinical syndrome characterized by metabolic acidosis caused primarily by accumulation of hydrogen ions from lactic acid. In general, patients with this disorder have blood lactate levels >5 mM, bicarbonate levels <15 mM, and arterial pH <7. 25 (1, 2). The two major forms of lactic acidosis are classified as type A and type B (3) . In type A lactic acidosis, there is clear evidence of conditions causing tissue hypoxia, such as shock or hypovolemia; in type B, there is no obvious cause for tissue hypoxia. The mortality in patients with lactic acidosis is >85% in type A and 50% in type B (1, 4, 5) . The therapy of lactic acidosis has consisted primarily of intravenous bicarbonate, frequently in excess of 1,000 meq/d (1) (2) (3) (4) .
We have recently shown that bicarbonate treatment of animals with experimental phenformin-induced lac- The Journal of Clinical Investigation Volume 70 October 1982.853-862 tic acidosis decreased cardiac output, increased lactate production by the splanchnic bed, and decreased intracellular pH (pHi)' in liver and erythrocytes. Furthermore, bicarbonate therapy had no effect on mortality (83%) when compared with saline treatment (83%) (6) . These results, together with the substantial mortality associated with bicarbonate treatment in patients with lactic acidosis (2, 5) , suggest that the role of bicarbonate therapy in this disorder should be reevaluated.
Dichloroacetate (DCA) is a compound that lowers blood levels of glucose, triglycerides, and lactate under fasting or diabetic conditions, in both man and laboratory animals (7) (8) (9) (10) . In muscle, DCA increases the oxidation of pyruvate and other substrates derived from glucose by activation of pyruvate dehydrogenase (11, 12) , the rate-limiting enzyme complex that regulates the entry of pyruvate into the tricarboxylic acid cycle.
The effect of DCA on blood lactate levels suggests that it might be useful in the treatment of type B lactic acidosis (13) . This study was therefore designed to evaluate the systemic and metabolic effects of DCA in two different models of experimental type B lactic acidosis in the dog: phenformin-induced lactic acidosis and hepatectomy-lactic acidosis. Previous studies from this laboratory have shown that in dogs with phenformin-lactic acidosis, there is increased production of lactate by the extrahepatic splanchnic vascular bed (gut), along with impaired liver lactate uptake, low liver pHi, and decreased cardiac output (14) . In hepatectomy-lactic acidosis, cardiac output also decreased (15) . In this study, we evaluated the effects of DCA on the aforementioned abnormalities.
METHODS
Animal groups. Studies were carried out in eight groups of adult mongrel dogs of both sexes, mean weight (±SD) 23.9±6.3 kg fasted for 16 h. The groups of dogs were: (a) control diabetic dogs subjected to 180 min of general anesthesia; (b) phenformin-lactic. acidosis; (c) phenformin-lactic acidosis treated, with NaHCO3; (d) phenformin-lactic acidosis treated with DCA; (e) hepatectomy-lactic acidosis; (f) hepatectomy-lactic acidosis treated with NaCl; (g) hepatectomy-lactic acidosis treated with DCA. Group 8 consisted of 10 dogs with hepatotectomy-lactic acidosis treated with either NaHCO3 (group 8a) or DCA (group 8b). In this group, measurements were made only of cardiac index and arterial pH and lactate.
Experimental procedures. Diabetes was induced by surgical pancreatectomy (14) . Diabetic dogs, plasma glucose at least 17.5 mM, were then maintained for [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Gould, Inc., Medical Products Div., Oxnard, CA) cuff that was used to measure hepatic and splanchnic blood flow. A catheter was inserted into the pulmonary artery to measure cardiac output via thermodilution, using a cardiac output computer (No. 601, Instrumentation Laboratories, Inc., Lexington, MA).
Lactic acidosis was induced in groups 2-4 by infusion of phenformin hydrochloride (kindly supplied by Ciba-Geigy Corporation, Ardsley, NY), 7.5 mg/kg per h for a mean of 210 min (14) . All dogs had arterial lactate levels >5 mM, pH <7.25, and bicarbonate <12 mM. Dogs in group 2 were killed after the 210 min of infusion. Dogs in group 3 were then treated with intravenous 8.4% NaHCO3 infused at a rate of 2.5 meq/kg per h for a maximum of 4 h (mean rate of infusion = 60 meq/h). Dogs in group 4 were given DCA in 5.8% NaCl, 50 mg i.v. as a bolus followed by sustained infusion at a rate of 25 mg/kg per h (mean infusion = 4 meq/ h), also for a maximum of 4 h. The rate of infusion of fluid and sodium were the same in groups 3 and 4. The DCA was administered as the sodium salt. Experiments were terminated either after 4 h of therapy, or before 4 h if either mean arterial pressure fell below 60 mmHg or cardiac index fell below 50% of the pretreatment value. Data in Table I for groups 3 and 4 were obtained at the termination of experiments.
Lactic acidosis was induced in groups 5, 6, 7, and 8 via functional hepatectomy produced in the following manner: a polyethylene catheter was inserted into the vena cava via the right femoral vein. Through a midline abdominal incision, the HPV was mobilized for 2-3 cm caudal to its entry into the liver. The HPV was ligated and then cannulated caudally. The HPV and vena cava catheters were connected with bayonet-style attachments so that HPV flow was completely diverted into the inferior vena cava. The total time required to complete diversion of HPV flow was <3 min. The HA was then identified and ligated. Dogs in group 5 were given intravenously 154 mM NaCl, 0.4 meq/kg per h, beginning at the completion of hepatectomy and continuing for the duration of the experiment, which averaged 201±31 min. Dogs in group 6 received NaCl as above, beginning 2 h before hepatectomy. These animals were studied for a maximum of 4 h after hepatectomy. Group 7 dogs were pretreated with DCA beginning 2 h before hepatectomy. The dogs received a continuous infusion of DCA, 300 mg/kg per h for a maximum of 360 min. Group 8 dogs were given intravenously NaCl (0.4 meq/kg per h) beginning at the time of hepatectomy and continuing for 150 min. They then received either NaHCO3 at a rate of 2.5 meq/kg per h or DCA as a bolus of 50 mg i.v. followed by a continuous infusion of 25 mg/kg per h (groups 8a and 8b). The studies continued for a maximum of 390 min. For group 7 and 8b dogs, the DCA was administered as the sodium salt following partial neutralization with NaOH to pH 6-6.5 The DCA was administered intravenously through an in-line 0.4-um filter (Millipore Corp., Bedford, MA) at a concentration of 7.5-12.5 mg/ml for group 8 dogs, and 90-150 mg/ml in group 7 animals. The DCA was disolved in 5.8% NaCl and administered such that the rate of total sodium and volume delivery was similar in NaCl or NaHCO3 vs. DCA-treated dogs (groups 6 vs. 7 and 8a vs. 8b).
Tissue and blood samples. In all groups, serial studies were made in arterial and HPV blood of pH, pCO2, PO2, bicarbonate, glucose, lactate, and pyruvate. In groups 1, 2, 3, and 4, the above were also measured in the HV and vena cava. Intracellular pH (pHi) was measured in both liver and skeletal muscle using '4C-labeled 5,5'dimethyloxazolidinedione (DMO, New England Nuclear, Boston, MA) as previously described (16, 17) .
Serial determinations of cardiac output using thermodilution technique were done in groups 1-5, 8a, and 8b, and serial measurements of HPV flow were done in groups 1-4. The techniques for measurement in blood of lactate, pyruvate, glucose, pH, pCO2, PO2, and bicarbonate have been described (14, 16 Fig. 1 represent pooled values for groups 3 and 4. The dogs were studied for up to 4 h from the time treatment with either DCA or NaHCO3 was begun. The 4-h mortality was 91% in 11 group 3 dogs treated with NaHCO3, while the mortality was 22% in 9 dogs receiving DCA. The cardiac indexes in the two groups of animals are shown in Fig.  2 . During treatment with NaHCO3, mean cardiac index decline from 62.4±10.4 ml/kg per min to 26.4±14.9 ml/kg per min in 3 h (P < 0.01). In the nine DCAtreated animals (group 4), cardiac index steadily rose from 68.6±7.0 ml/kg per min to 95.5±13.2 ml/kg per min after 4 h (control = 112±8.7 ml/kg per min, NS).
As shown in Fig. 1 and Table I , the changes in cardiac index were accompanied by corresponding changes in arterial pH, bicarbonate, and lactate. There was no change in arterial pH in bicarbonate-treated dogs, but a significant rise occurred (from 7.08 to 7.29, P < 0.01) in DCA-treated dogs. Similarly, blood bicarbonate was unaltered in bicarbonate-treated animals, but there was a significant increment (from 9.7 to 14.1 mM, P < 0.01) in DCA-treated dogs. The arterial pCO2 was 32±3 mm Hg in group 4 dogs, and after DCA it was unaltered (32±3 mm Hg). However, in group 3 animals, arterial pCO2 rose from 30±1 mm Hg to 35±3 mm Hg (P < 0.01 by paired t test). A more substantial change was observed in mixed venous (inferior vena cava) pCO2. Venous pCO2 was unaltered (37±3 mm Hg) after DCA treatment but after bicarbonate therapy, it rose to 55±5 mm Hg (P < 0.001). The most dramatic changes in arterial blood were seen in the lactate values. After NaHCO3 therapy, blood lactate almost doubled (from 8.6 to 13.6 mM, P < 0.01). By contrast, DCA treatment resulted in a significant decrement of lactate (from 8.6 to 5.2 mM, P < 0.01, Fig. 1 ). The liver pHi, which was significantly decreased in dogs with lactic acidosis, fell still further (from 6.81 to 6.71, P < 0.01) following NaHCO3 (Table  I) . However, after DCA, there was an increment of hepatocellular pHi (to 6.90) such that the value was significantly greater (P < 0.01) than in NaHCO3-treated dogs.
Thus, DCA therapy resulted in normalization of cardiac index, with improvement in arterial pH, bicarbonate, lactate, and liver pHi, whereas bicarbonate Dogs with hepatectomy-lactic acidosis. Lactic acidosis was induced by functional hepatectomy, and dogs were treated with either NaCl, DCA, and NaHCO3. In 10 untreated dogs (group 5) with hepatectomy-lactic acidosis, arterial pH was 7.05±0.04 (control = 7.38±0.01, P < 0.01) after 3 h of hepatectomy. The arterial lactate and bicarbonate were 9.1±0.9 and 8.3±1.1 mM, respectively. Mean arterial pressure was 76±6 mm Hg (control = 94±10 mm Hg), and cardiac index was 52.4±22.2 ml/min (control = 115±7.8 ml/min, P < 0.01).
The controls for group 7 (pretreatment with DCA) were pretreated with 154 mM NaCl (group 6) so that volume status in the two groups was identical. After 3 h, the arterial pH, lactate, and bicarbonate in group 6 were 7.06±0.04, 10.6±2.2 mM, and 7.6±0.6 mM, respectively (Fig. 3) . Mean arterial pressure was 79±1 mm Hg. After 4 h, arterial pH was 6.89±0.05, bicarbonate was 5.1±0.7 mM, and lactate was 11.7±2.6 mM. Four of six dogs survived 4 h after hepatectomy was performed.
Dogs in group 7 were pretreated with DCA (300 mg/kg i.v. sustained infusion) and observed for up to 4 h. After 3 h, arterial lactate was 3.8±0.5 mM while bicarbonate and pH were 11.4±1.3 mM and 7.18±0.04 respectively (Fig. 3) . Mean arterial pressure was 79±8 mm Hg. All of the values were significantly different from both untreated dogs and saline-treated dogs (Fig.  3) . After 4 h of DCA, arterial lactate was 4.3±0.6 mM, arterial pH was 7.16±0.04, and bicarbonate was Time, min   FIGURE 1 The effects of intravenous DCA vs. NaHCO3 in dogs with phenformin-lactic acidosis are compared. Two groups of diabetic dogs were given intravenous phenformin for a mean of 210 min (groups 3 and 4) and then half received DCA (group 4) while the other half was given NaHCO3 (group 3) for a maximum of 240 min. In the DCAtreated animals arterial lactate was significantly lower (P < 0.01) while arterial pH and bicarbonate (HCO-) were significantly higher (P < 0.01), despite the fact that the bicarbonate-treated dogs had received an average of 72 meq of NaHCO3, vs. none for the DCA-treated animals.
11.0±1.1 mM (Fig. 4) . All six dogs treated with DCA survived 4 h, at which time mean arterial pressure was 68±6 mm Hg. In a separate group of dogs with hepatectomy-lactic acidosis, effects of DCA vs. NaHCO3 therapy were evaluated on cardiac index only (groups 8a and 8b). After 2.5 h of hepatectomy-lactic acidosis, arterial pH was 7.06±0.05 and lactate was 10.1±1.1 mM. Cardiac index had fallen to 52.4 ml/kg per min vs. the control value of 115 ml/kg per min (P < 0.01) (Fig. 4) . At this point, half of the dogs were given NaHCO3 and half were given DCA. Experiments were terminated when mean arterial pressure fell below 50 mm Hg or at the end of 4 h if the dogs survived.
Among dogs treated with NaHCO3, the cardiac index fell from 53.6 to 26.0 ml/kg per min during therapy (Fig. 4) and only two of the six bicarbonate-treated dogs survived 4 h. The mean survival time was 147±37 min. At the time experiments were terminated, arterial pH was 7.34±0.04 and lactate was 11.1±1.4 mM.
Among dogs treated with DCA, the mean survival time was 220±20 min significantly longer than the time in NaHCO3-treated dogs (P < 0.05) and five of six survived 4 h. However, in contrast to the results in bicarbonate-treated dogs, cardiac index did not decline during DCA therapy (Fig. 4) . The blood lactate in DCA-treated dogs was 6.4±1.2 mM, significantly less (P < 0.01) than the value in NaHCO3-treated animals. Arterial pH was 7.21±0.04, a value not significantly different from that in NaHCO3 treated dogs (P = 0.07).
DISCUSSION
These data demonstrate that in dogs with two different types of type B experimental lactic acidosis, treatment with DCA significantly improves survival when compared with conventional therapy with either NaCl or NaHCO3. In addition to improved survival, therapy with DCA results in significant improvement of several biochemical and physiological entities. In particular, treatment with DCA results in either an increase (Fig.  2) or stabilization (Fig. 4) of cardiac output; a decrement of blood lactate and an increase of blood pHi and bicarbonate (Fig. 1) ; and a rise in liver pHi (Table I) .
In normal fasted dogs, DCA does not appear to increase lactate uptake by the liver (20 patic lactate extraction in diabetic dogs with phenformin-lactic acidosis receiving DCA (7.4%) was similar to the control diabetic value (10.5%) but less than the fractional extraction previously reported in fasted dogs treated with DCA infusion (20%) (20) .
In dogs with hepatectomy-lactic acidosis, pretreatment with DCA resulted in a significantly lower blood lactate than did pretreatment with NaCl (Fig. 4) . Since the liver was not present in this preparation, the observed effect of DCA on blood lactate had to be due to a decrease in extrahepatic lactate production.
There was no observed effect of DCA on gut production of lactate (extrahepatic splanchnic lactate production, Table I ). Gut production of lactate in dogs with phenformin-lactic acidosis was 1,018 gmol/kg per h (control = 433 ,mol/kg per h, P < 0.01) and this value was unaffected by DCA (Table I) . Effects of DCA on gut lactate production have not previously been evaluated in lactic acidosis, but studies in normal fasting dogs have also shown that DCA has no effect (20) .
Liver pHi, which is decreased in dogs with phenformin-lactic acidosis, was significantly increased by DCA, and lowered by NaHCO3 (Table I) . It has been shown that under a variety of physiological conditions that encompass an extracellular pH (pHe) range of 7.66-7.09, hepatic pHi does not change (16) . In animals with phenformin-lactic acidosis, both in vivo (dog) and in vitro (isolated perfused guinea pig liver), hepatic pHi is decreased (14, 21) . The fall in pHi may have any of several possible important functional consequences.
One of the major substrates for hepatic gluconeogenesis is lactate. One of the rate-limiting enzymes for glucose synthesis from lactate is pyruvate carboxylase (22) . This enzyme catalyzes the conversion of pyruvate to oxaloacetate and is markedly pH sensitive. At pH below -6.90, both enzyme activation and reaction velocity fall markedly (22) (23) (24) . In this study, hepatic pHi was 6.81 (control = 7.08, P < 0.01) and this was associated with marked impairment in liver lactate uptake. It is possible that impaired activity of pyruvate carboxylase was a factor in the decreased liver lactate uptake.
The lactate load presented to the liver in dogs with phenformin-lactic acidosis was 7,952 sAmol/kg per h, but hepatic uptake was actually negative (-170 ,umol/ kg per h, Table I ). We have previously shown that the normal dog liver can extract at least 19% of the lactate load presented (2.3 of 12.2 mmol/kg per h), (16) and data from other laboratories are similar (20) . DCA resulted in an increment of liver pHi to 6.90. Liver lactate extraction after DCA infusion increased from -2.1% to 7.4% of the delivered load, whereas with NaHCO3 administration, extraction was only 1.8%. The rate of volume expansion was identical in the two groups. It may be that the increased lactate uptake following DCA was at least in part responsible for the increment in hepatocellular pHi. Cohen and associates (24, 25) have presented evidence that for each lactate metabolized by the liver a proton is consumed, resulting in generation of a base equivalent that results in an increment of liver pHi. There may also be a direct action of DCA on liver pHi. Such an effect has not previously been evaluated and the present study provides no additional specific data. However, DCA also has a number of additional effects on the liver, both in vivo and in vitro, many of which appear unrelated to pyruvate dehydrogenase activation (26) . The effects include amino acid transamination, production of oxalate and glyoxylate, and stimulation of fatty acid synthesis (26) . These or other actions may in part explain the effect of DCA on liver pHi.
In comparing the effects of therapy with DCA vs. NaHCO3, it should be pointed out that we were not able to normalize arterial pH with NaHCO3 (Fig. 2) . It may be that if arterial pH had been normalized, the effects on lactic acidosis might have been different. In reviewing the literature, one sees that it has been possible to normalize arterial pH with NaHCO3 in some individuals with lactic acidosis but not in others (2, (27) (28) (29) (30) . In 102 patients with phenformin-lactic acidosis, infusion of a mean of 527 meq of NaHCO3 normalized arterial pH in 66% of patients (28) . However, infusion of 500-1,200 meq/d of NaHCO3 had no effect on arterial pH in five patients with other forms of lactic acidosis (2, 29, 30) . Our dogs were potentially different from patients with lactic acidosis in several respects. In patients, the acidosis is often more severe (28), the patients are usually able to hyperventilate and to lower arterial pCO2 (ventilation is fixed to maintain a constant arterial pCO2 in the dogs), and it is often possible to normalize arterial pH with NaHCO3 (28) . Thus, it may not be possible to draw conclusions about the relative efficacy of DCA vs. effective alkalinization. However, it must be pointed out that the quantity of bicarbonate infused (2.5 meq/kg per h) would be the equivalent of infusing 3,600 meq/d to a 60-kg human. Such a quantity of NaHCO3 would raise serum sodium to >200 meq/liter, a condition which in itself carries a mortality >80% (31) . In addition, infusion of bicarbonate resulted in production by the gut of an almost stoichiometric quantity of lactic acid (6) . Thus, in this animal model, as well as in several reported cases, effective alkalinization was not possible (2, 27, 29, 30) . The most important factor in determining survival in patients with lactic acidosis may well be the presence of shock. With either clinical shock or arterial pH <6.9, mortality from phenforminlactic acidosis is >70% (27, 28) .
The effects of DCA on cardiac index were among the most important results observed in the current time, hours FIGURE 3 Two groups of dogs with hepatectomy-lactic acidosis (groups 6 and 7) were pretreated with either NaCl or DCA for 2 h before hepatectomy. The animals continued to receive either NaCl or DCA for the duration of hepatectomy, and arterial pH and lactate were compared in the two groups. At intervals of 1, 2, 3, and 4 h, arterial pH was significantly greater (P < 0.01) and lactate significantly less (P < 0.01) in DCA-treated dogs vs. those treated with NaCl. study ( Figs. 2 and 4 ). In dogs with phenformin-lactic acidosis, we have previously shown that cardiac index is significantly decreased (6, 15) . The low cardiac index is not a result of metabolic acidemia (15, 32) and is not restored by volume expansion with NaCl or by NaHCO3 infusion. The low cardiac index may be due to a low cardiac pHi (33) . In addition, NaHCO3 infusion further decreased cardiac index (Fig. 2) . Bicarbonate has been shown to lower pHi, both in vitro and in vivo under selected conditions (6, 28) . The NaHCO3 infusion may have elevated blood pCO2, leading to a decrement of heart pHi (33, 34 (Fig. 2) (11) in dogs showed that DCA increased lactate extraction by the heart whereas previous studies have demonstrated that myocardial extraction of both lactate and oxygen are impaired in dogs with phenformin-lactic acidosis (15) . Furthermore, such dogs develop electrocardiogram abnormalities compatible with an acute ischemic injury current (15) . In another model of acute myocardial ischemic injury, Mjos and associates (35) have evaluated effects of DCA infusion. In dogs with experimental coronary artery occlusion, intravenous DCA reduced the degree of ST-segment elevation, concomittant with increased myocardial extraction of glucose and decreased FFA extraction. These effects of DCA in the ischemic heart may also be operative in dogs with phenformin-lactic acidosis or hepatectomy-lactic acidosis.
We have also previously shown that in dogs with hepatectomy-lactic acidosis, cardiac index gradually decreases, and that this functional deterioration is not due to metabolic acidemia per se (15) . Others have documented cardiovascular collapse in liver failure, both in patients (36) and hepatectomized dogs (37) . DCA administered to dogs with hepatectomy-lactic acidosis prevented further deterioration of cardiac index (Fig. 4) . Pretreatment with DCA in dogs who subsequently underwent hepatectomy resulted in significantly improved survival, as well as lower blood lactate with higher arterial pH (Fig. 3) .
Thus, DCA administration is associated with either biochemical, electrocardiographic or functional improvement of the heart in dogs with any of three different causes of myocardial deterioration: hepatectomy lactic acidosis (Fig. 4) ; phenformin-lactic acidosis (Table I, Fig. 2) ; or coronary artery occlusion (35) . The relationship between these findings and known effects of DCA on the heart is not yet established (11, 26, 33) .
Data from the present study (Figs. 1 and 3 ) and previous investigations (7-10, 20, 36, 38) show that intravenous DCA infusion can lower blood lactate levels under a variety of circumstances. In lactic acidosis due to either hepatectomy or phenformin, DCA infusion also results in improvement of blood pH and bicarbonate and an increase or stabilization of cardiac index (Figs. 1-4) . The aforementioned effects of DCA are also associated with significantly improved 4- NaHCO3). These effects of DCA may be unique to only these two forms of lactic acidosis and it is possible that DCA would be ineffectual in other forms of lactic acidosis. Additionally, as has been suggested (39), DCA may lower blood lactate in some forms of lactic acidosis but have no effect on the course of the associated illness (38) . There are some toxic effects of DCA that have been described after chronic administration. There include limb paralysis, cataracts, increased urinary oxalate excretion, testicular degeneration, neuropathy, mutagenicity, and changes in central nervous system white matter (26) . Most such toxic effects result from long term oral administration of DCA, with few if any side effects reported with short-term intravenous use (26) . Short-term administration to human subjects orally or intravenously has not resulted in any serious side effects (9, 38, 40) . With the aforementioned reservations in mind, clinical trials of DCA as adjunctive therapy of lactic acidosis are probably indicated (13) .
